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Abstract
The Eurasian wild boar (Sus scrofa Linnaeus, 1758) was introduced into Argentina at the beginning of the twentieth century
when individuals from Europe were taken to La Pampa province for hunting purposes. Starting from there, a dispersal process
began due to the invasive characteristics of the species and to human-mediated translocations. The main objective of this study
was to characterize for the first time, the phylogenetic relationships among wild boars from Argentina with those from Uruguay,
Europe, Asia, and the Near East, along with diverse domestic pig breeds in order to corroborate the historical information about
the origin of the local populations. To this end, we used mitochondrial Control Region and Cytochrome b sequences from
sampled Argentinian wild boars and retrieved from GenBank. The results showed that the majority of the Argentinian wild boar
populations descend from European lineages, in particular of the E1 clade, according to the historical records. Remarkably, the
population of El Palmar National Park had Asian origin that could be attributed to hybridization with local domestic pigs or to
unrecorded translocations. Finally, genetic diversity in Argentinian populations was lower than in Europe and Uruguay meaning
that wild boar in Argentina is still under the influence of founder effect and has experienced minor genetic introgression from
domestic pigs, representing in this sense a reservoir of the original wild boar genetic variability.
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Introduction
The Eurasian wild boar (Sus scrofa Linnaeus, 1758) occupies
one of the widest geographic distributions of all terrestrial
mammals, and this range has been greatly expanded by human
action. The species inhabits from Western Europe to the
Russian Taiga, extending southward as far as North Africa,
the Mediterranean basin, and the Middle East, through India
and South East Asia to the islands of Sri Lanka, Taiwan,
Japan, and the Greater Sunda Islands (Oliver and Brisbin
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1993). It is the ancestor of ancient and modern domestic pig
breeds, and there is evidence to suggest that it was indepen-
dently domesticated in several parts of its range, including
Southeast Asia, the Far East, and Asia Minor (Oliver and
Brisbin 1993; Larson et al. 2005). The Eurasian wild boar
occupies a wide variety of temperate and tropical habitats,
from semi-desert to tropical rainforests, temperate woodlands,
grasslands, and reed jungles; often venturing onto agricultural
land to forage. Since the early stages of expansion and disper-
sion of the Europeans, wild pigs and their domestic and feral
derivatives have widely extended their distribution and
established naturalized populations in Australasia, the
Americas, and Oceania, in addition to a large number of oce-
anic islands (Crosby 1986; Oliver and Brisbin 1993; Oliver
and Leus 2008). The success of this species as colonizer is
based on its wide tolerance to different climatic conditions
ranging from sub-Antarctic to tropical environments, its om-
nivorous diet, and the highest reproductive rate among ungu-
lates (Read and Harvey 1989).
Wild boars were introduced into Argentina for hunting pur-
poses in the early twentieth century. In 1909, Pedro Luro
introduced seven wild boars (one male and six females) from
France into a private game reserve currently known as Parque
Luro Provincial Reserve (PLPR-La Pampa Province)
(Amieva 1993). Later on, this first batch was reinforced with
another one, whose origin is not clear. Several authors dis-
agree when establishing an exact date of dispersal of these
animals; Navas (1987) sets this event in 1914, while Amieva
(1993) states it occurred in the 1930s, as a result of wire fence
cutting during the construction of a national route. In the pe-
riod between 1917 and 1922, a few animals from this original
core were moved to Estancia Collun-Có (Neuquén Province),
from where they began to disperse toward Nahuel Huapi
(NHNP) and Lanín (LNP) National Parks, and Chile crossing
the Andes (Daciuk 1978). Localities distribution is detailed in
Fig. 1.
The second introductory event occurred in the 1910s when
Aarón de Anchorena allegedly introduced wild boars from
Spain to Isla Victoria (Neuquén Province) (Morales 1917;
Biedma 2003). In 1928, this Argentinian landowner also
imported boars of alleged Caucasus lineage into a property
located in the southwestern Department of Colonia in
Fig. 1 Geographic distribution of the wild boar sampling sites in
Argentina. Numbers correspond to the sampling sites detailed in
Online Resource 2. Black triangles represent introduction sites at A =
Parque Luro Provincial Reserve (La Pampa Province); B = Isla Victoria
(Neuquén Province); C = El Palmar National Park (Entre Ríos Province).
White triangles represent D =Huemul Ranch (Neuquén Province); E =
Collun-Có (Neuquén Province). Green areas represent National Parks
(EPNP = El Palmar National Park; PLPR = Parque Luro Provincial
Reserve; LNP = Lanín National Park; NHNP =Nahuel Huapi National
Park). The asterisk stands for Barra de San Juan (Colonia department,
Uruguay). Dashed dotted lines are for Limay, Negro, Colorado,
Desaguadero, and Uruguay rivers
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Uruguay (Barra de San Juan Ranch) (Molins 1930; Lombardi
et al. 2015). Then, he translocated wild boars from Colonia to
Huemul Ranch in Neuquén, although the date of this intro-
duction remains unclear. It is also possible that some boars
were taken from PLPR to Colonia in the 1940s (Amieva
1993).
Finally, in the mid-twentieth century, a wild boar popula-
tion arose in the area currently occupied by El Palmar National
Park (EPNP) in Entre Ríos Province (Godoy 1963). Despite
the fact that there are not accurate data about their origin, it
might be related to PLPR (Zelich pers. comm. 2002).
Starting from the introduction sites, wild boar has expand-
ed its range due to its invasive characteristics and unrecorded
human-mediated translocations. Nowadays, the species in-
habits a large portion of central Argentina from Chubut and
Río Negro in the south, to Córdoba and San Luis in the north;
and from the Andes toward the Atlantic Ocean. In Argentina,
the wild boar is one of the most important game species,
generating significant income for owners of hunting pre-
serves, even though there are no official statistics about this
activity. Therefore, individuals are frequently transported
from one location to another, both for hunting and for slaugh-
ter, to supply the emerging market for wild boar meat in the
country. In addition, feral pigs are also present in the country
and ancient populations of European origin settled in Río
Negro and Buenos Aires (Hudson 1893, 1918). It is a com-
mon and uncontrolled practice of local farmers to use feral and
wild pigs to improve their domestic stocks (Carpinetti et al.
2014), although natural hybridization is also a possibility.
Therefore, it is plausible that some localities may have mixed
genetic pools.
In the last decades, several genetic studies allowed to infer
origin, expansion process, and divergence between European
and Asian wild boars (Giuffra et al. 2000; Kijas and
Andersson 2001; Kim et al. 2002; Alves et al. 2003; Larson
et al. 2005, 2007; Scandura et al. 2008; Ramírez et al. 2009;
Kusza et al. 2014). Studies based on the sequence analysis of
mitochondrial genes Cytochrome b (CytB) and Control
Region (CR) proved that European and Asian wild boars have
diverging lineages and confirmed the existence of three phy-
logenetic groups: haplogroup E1 (widely distributed in
Europe and present in the North of Africa and Near East),
E2 (restricted to the Italian peninsula and Sardinia), and
haplogroup A (of Asian origin). Nowadays, the presence of
the Asian haplogroup in Europe had been attributed to the
introgression of Asian sows in Europe to ameliorate domestic
pig breeds during the 18th and 19th centuries (Giuffra et al.
2000; Kijas and Andersson 2001; Larson et al. 2005; Ramírez
et al. 2009). These genetic markers (CytB and CR) have been
vastly used in phylogenetic and phylogeographic analyses in
European and Asian wild boar populations (Alexandri et al.
2012; Yu et al. 2013; Kusza et al. 2014; Vilaça et al. 2014),
and because of this, their sequences have been used as
reference to compare the introduced South American wild
boar with the native populations (Grossi et al. 2006; García
et al. 2011; Aravena et al. 2015).
The main objective of this work was to use mitochondrial
CR and CytB sequences to characterize, for the first time, the
phylogenetic relationships among wild boars from Argentina,
Europe, Asia, the Near East and the neighboring population of
Uruguay, as well as domestic pigs, in order to support the
historical data about the origin and dispersal of the wild boar
in Argentina.
Specific objectives of this work were (1) to corroborate the
origin of the Argentinian wild boar populations through phy-
logenetic analysis, (2) to explore the haplotype distribution
among sampling sites, and (3) to evaluate the genetic diversity
of Argentinian wild boar and compare it with the existing one
in the European populations.
Materials and methods
In this study, 88 wild boars were sampled within the distribu-
tion area of this species in Argentina (Fig. 1). All samples
were legally hunted and obtained from licensed hunters and
collaborators. Animals were not shot only for the purpose of
this study and ethic statement was not required. Hunting was
made in accordance with national regulations.
Samples were taken from epithelial and muscular tissue
and kept in 96% ethyl alcohol at − 20 °C. Genomic DNA
was extracted following the phenol-chloroform protocol
(Sambrook and Russel 2001). A 734 bp fragment of CR be-
tween sites 15,390 and 16,124 was amplified by PCR using
forward Ss.L-Dloop: 5′CGCCATCAGCACCCAAAGCT3′;
and reverse PrR: 5′ACCATTGACTGAATAGCACCT3′
primers (Montiel-Sosa et al. 2000; Alves et al. 2003). On the
other hand, the complete sequence of the CytB gene (1140 bp)
was amplified using two sets of primers: one to obtain a
634 bp fragment between sites 14,109 and 14,743: forward
5′CACGACCAATGACATGAAAAATC3′, reverse 5′
GCTGCGAGGGCGGTAAT3′; and another set to obtain a
660 bp fragment between sites 14,695 and 15,355: forward
5 ′TCTTCGCCTTCCACTTTATCCTG3 ′ , reverse 5 ′
TGGCCCTCCTTTTCTGGTTTA3′ (Alves et al. 2003).
Additionally, an internal pair of primers was designed by the
authors as some sequences showed a 10–15 bp gap between
the two fragments. Forward: 5′ATTCATCCACGTAG
GCCGAG3′ and reverse: 5′TCAGAATAGGCATTGACTTA
GTGGT3′, which generated a fragment of 645 bp between the
sites 14,484 and 15,129.
PCR reaction was set to a final volume of 20μL containing
25–100 ng of template DNA, 1.5 mMCl2Mg, 0.2 μM of each
primer, 0.2 mM of each dNTP (INBIO), 1X reaction buffer
(INBIO), and 0.5 U of Taq T-Plus DNA polymerase (INBIO).
Thermocycling conditions were set at 94 °C for 2 min
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followed by 30 cycles at 94 °C for 45 s, 56 °C for CytB and
62 °C for CR for 45 s, and 74 °C for 1 min with a final
extension of 74 °C for 10 min (Alves et al. 2003).
Amplification products were purified using 10 U of
Exonuclease I (Thermo Scientific) and 1 U of FastAp
thermosensible alkaline phosphatase (Thermo Scientific), in-
cubating at 37 °C for 15 min and then at 85 °C for another
15min to stop the reaction. These purified PCR products were
sequenced by Macrogen Co. Ltd. (South Korea), and haplo-
type sequences were deposited in the GenBank nucleic acid
sequence repository (http://www.ncbi.nlm.nih.gov/genbank)
under accession number MH319776-MH319786. Sequences
were visually inspected in BioEdit v.7.0.5 (Hall 1999), and
multiple sequence alignments were constructed using the
ClustalW algorithm (Thompson et al. 1994). Analysis includ-
ed sequences retrieved from GenBank database, pertaining to
European, Near Eastern, Asian, and Uruguayan wild boars
(the last one only available for CytB) and also to domestic
pig breeds. Sulawesi warty pig (Sus celebensis) sequences
were added as outgroup for both genes. For comparison rea-
sons with the GenBank sequences, multiple alignments were
reduced in length from 1140 to 570 bp for CytB (132 se-
quences) and from 734 to 409 bp for CR (559 sequences).
This first part of the analysis was carried out with MEGA7
(Kumar et al. 2016). A list of all the sequences used for both
genes is detailed in Online Resource 1.
Haplotype and nucleotide diversities (Nei 1987) and num-
ber of polymorphic sites were calculated with DnaSP 5.10.1
(Librado and Rozas 2009).
Phylogenetic relations among haplotypes were calculated
using Neighbor-Joining (NJ) and Bayesian reconstruction
methods. For the NJ phylogeny, the degree of confidence
assigned to the nodes was assessed by boot-strapping with
1000 replicates (Felsenstein 1985), and the tree was developed
based on the Maximum Composite Likelihood method in
MEGA 7 (Kumar et al. 2016). For Bayesian analysis, the
model that best fitted the data was calculated based on
corrected Bayesian information criteria using JModelTest
v2.1.4 software (Darriba et al. 2012). Data was converted to
BEAST XML format with BEAUti v.1.7.5 (Drummond et al.
2012). Then, for the tree reconstruction, the following settings
were used: a relaxed lognormal clock as molecular clock rate
variation model and a 30,000,000 generations Monte Carlo
Markov Chain length, sampling every 5000. All calculations
were performed in BEAST (Drummond et al. 2012). The first
25% of the sampling trees and estimated parameters were
discarded as burn-in with TreeAnnotator v1.7.5 (Drummond
et al. 2012).
Evolutionary relationships among haplotypes were inferred
for the CR dataset using the statistical parsimony algorithm,
and an haplotype network was built using the Median-Joining
algorithm (Bandelt et al. 1999) implemented in PopArt soft-
ware (Leigh and Bryant 2015).
Results
A total of seven haplotypes (CR_H1 to CR_H7)were found in
the Argentinian samples with CR, five of them shared with
GenBank sequences, and two that were never been described
before (CR_H4 and CR_H7). For the local set (n = 81), we
identified 16 polymorphic sites with no singletons (parsimony
informative sites) (Table 1) and values of haplotype diversity
Hd = 0.827 ± 0.017 and nucleotide diversity π = 0.007 ±
0.001, respectively. On the other hand, four Argentinian hap-
lotypes were detected with CytB (CB_H1 to CB_H4); three of
them shared with GenBank sequences and one that was found
in this study (CB_H1). For the 87 local CytB sequences, we
identified 13 polymorphic sites with no singletons (Table 1).
Haplotype analysis revealed values of haplotype diversity
Hd = 0.596 ± 0.046 and nucleotide diversity π = 0.005 ±
0.001, respectively. Number of sequences differ for both
genes since CR amplification failed in six samples from La
Pampa, Río Negro, Buenos Aires, and San Luis. Geographic
distribution and frequency of haplotypes can be found in
Fig. 2a for CR and Fig. 3a for CytB.
Since Bayesian and NJ phylogenetic trees presented similar
topology for both CR and CytB datasets, only the Bayesian
trees are shown (Figs. 2b and 3b). For that approach, the
selected models of evolution were HKY + I + G for CR and
HKY+ I for CytB (Hasegawa et al. 1985).
The CR tree revealed the presence of well-supported
European clades E1 (widely distributed) and E2 (restricted
to Italy), the Near Eastern clade (NE) and the Asian clade
(A). However, Argentinian haplotypes grouped within the
E1 and A clades exclusively (Fig. 2b). Within the E1 clade
in particular, the tree topology suggested the existence of a
well-supported subgroup that resembles the A-side
haplogroup reported in previous studies (Larson et al. 2005,
2007; Scandura et al. 2011; Alexandri et al. 2012). This
haplogroup contained three Argentinian haplotypes (CR_H1,
CR_H2, and CR_H3) and is reportedly predominant over the
region comprised by Italy, France, Germany, and Austria
(Larson et al. 2005; Scandura et al. 2011). The remaining
haplotypes of the E1 clade roughly matched the previously
described C-side haplogroup, which has been reported for
the Iberian Peninsula and Central Europe, reaching 90% of
the European wild boars (Larson et al. 2005, 2007; Scandura
et al. 2011). Argentinian haplotypes CR_H4, CR_H5, and
CR_H7 belonged to this last haplogroup. The A clade includ-
ed Argentinian haplotype CR_H6. For a detailed composition
of the haplotypes see Online Resource 1.
E1 and A clades were also detected in the CytB phylogeny,
constructed to identify any relationships between the
Argentinian and Uruguayan populations (Fig. 3b). Within E1
clade, three haplotypes belonged to Argentinian sequences
(CB_H1, CB_H2, and CB_H3). On the other hand, the A clade
was very well supported (posterior probability value = 1) and
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included CB_H4, the only haplotype that grouped sequences
from Argentina (in particular from EPNP). Haplotype CB_H11
which was previously assigned to the E2 clade (Giuffra et al.
2000) finally collapsed in E1 due to length reduction of the
sequences from 1140 to 570 bp.
For CR, the median-joining network supported the phylo-
genetic tree topology showing the relationships among
Argentinian haplotypes with the previously defined
haplogroups E1-A, E1-C, E2, NE, and A (Larson et al.
2005, 2007). The network is geographically consistent, with
the European and Asian haplotypes clearly differentiated.
Within the European subgroup E1-A, a star-like shape was
observed, with haplotype CR_H1 located in the central posi-
tion (Fig. 4).
Discussion
The present study, the first estimation of the genetic variability
of wild boar populations in Argentina, provides preliminary
information to elucidate the origin of local populations in this
country. Historical records indicate that the wild boar in
Argentina has European origins (in particular from France
and Spain) and was introduced into the country at the begin-
ning of the twentieth century (Morales 1917; Godoy 1963;
Navas 1987; Amieva 1993; Biedma 2003; Novillo and
Ojeda 2008).
Phylogenetic analyses partially supported the historical in-
formation. The CR phylogeny was consistent with popula-
tions in La Pampa and Neuquén descending from wild boars
from France and Spain, since their sequences belonged to the
E1-A and E1-C haplogroups, respectively. On the other hand,
this was not observed in the EPNP population, as all se-
quences belonged to Asian lineages.
The CR haplotype distribution showed two haplotypes lim-
ited to Neuquén (CR_H5 and CR_H7) which accord with the
historical introduction of wild boars from the E1-C
haplogroup into this province. Haplotype CR_H6, restricted
to EPNP, indicates the existence of the Asian lineage in
Argentina. The remaining CR haplotypes overlapped in cen-
tral Argentina toward northern and southern La Pampa, and
this could be ascribable to the free movement of animals and
unregistered human-mediated translocations among sampling
sites. The center of that region was mainly represented by
haplotypes from the E1-A haplogroup, which accords with
the historical introduction into La Pampa.
In the Neuquén and EPNP populations, no sequences were
part of the E1-A haplogroup. This finding does not accord
with the occurrence of translocations from La Pampa to these
provinces. It is also possible that the E1-A lineage disappeared
from these localities in the past. Moreover, the absence of


















































































































































































































































































































































































































































support the hypothesis that wild boars from the Caucasus were
introduced into Neuquén.
The Asian origin of wild populations could be explained as
crossbreeding between wild boars and domestic pigs (Scandura
et al. 2011). Accordingly, the population of EPNP could be a
mixture of hybrids that had descended from a hybridization event
with local pigs or derive fromunrecorded translocations. In either
way, there is no evidence of the origin of these animals, and a
genetic comparison with the local domestic pigs would support
or exclude a hybridization event. The CytB phylogeny also
showed that there is a connection between populations from
EPNP and Uruguay, as sequences from these two locations
shared the same haplotype within the A clade. In Uruguay, the
Asian origin of local haplotypes has been attributed to a deliber-
ate introduction of hybrids from southern Brazil; in particular
from Rio Grande do Sul State, where wild boar was introduced
for crossbreeding with domestic pigs (Grossi et al. 2006; García
et al. 2011; Guadagnin et al. 2014). The gallery forests along the
Uruguay River toward EPNP could act as natural corridor for
dispersal and migration, so in order to clarify the possible rela-
tionships among wild boar populations in the three countries, the
sampling area should be widened to include Uruguay and Brazil.
As stated in the introduction, wild boars from Colonia
(Uruguay) were translocated to Huemul Ranch (Neuquén
Province) in the 1920s, and later on, wild boars from PLPRwere
taken to Colonia (Molins 1930; Daciuk 1978; Amieva 1993;
Lombardi et al. 2015). Regarding the relationships among these
three populations, in the CytB phylogeny, two haplotypes from
the E1 clade comprised all the sequences fromLa Pampa and the
mountain-range part of Neuquén (near Huemul Ranch), together
with Uruguayan sequences that represented the historical intro-
duction into Colonia (García et al. 2011). This correspondence
could confirm the connection among these three populations,
although it was a partial result given that only a short fragment
of the gene was analyzed. In summary, it is clear from the results
that Argentinian and Uruguayan populations are closely related
and must be studied extensively to completely understand their
relationships.
a
Fig. 2 Control Region haplotypes observed in 81Argentinian wild boars.
(A) Map showing the frequency of the seven CR haplotypes in 35 sam-
pling sites (numbers correspond to the sampling sites detailed in Online
Resource 2). (B) Bayesian phylogenetic tree constructed from 74 Control
Region haplotypes based on 409 bp sequences from Argentinian wild
boars (n = 81) and sequences from GenBank (n = 478) from previous
studies. Haplotype numbers are indicated from CR_H1 to CR_H74.
Haplotypes present in Argentina are highlighted in red and private hap-
lotypes are indicated with arrowheads. Significant posterior probability
values (> 0.50) are shown on the relevant nodes. Significant bootstrap
values of 1000 replicates (> 50%) from the neighbor-joining tree are
shown in brackets
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Genetic diversity estimates for the Argentinian populations
were lower than those reported for Europe and Uruguay. For
the Argentinian CR dataset, the value of haplotype diversity
(Hd = 0.827 ± 0.017) was lower than Europe (Hd = 0.902;
Scandura et al. 2008) and the Iberian Peninsula (Hd = 0.910;
Van Asch et al. 2012); meanwhile, the value of nucleotidic
diversity (π = 0.007 ± 0.001) was similar to Europe without
Italy (π = 0.005; Scandura et al. 2008) and lower than
European populations altogether (π = 0.011; Scandura
2008). For CytB, both values (Hd = 0.596 ± 0.046 and π =
0.005 ± 0.001) were lower than those obtained for the
Uruguayan populations (Hd = 0.970 and π = 0.014; García et
al. 2011). The low genetic variation compared to Europe sug-
gests a genetic signature of founder effect in the Argentinian
populations, which makes sense since the introduction was






Fig. 3 Cytochrome b haplotypes observed in 87 Argentinian wild boars. (A)
Map showing the frequency of the four CytB haplotypes in 39 sampling sites
(numbers correspond to the sampling sites detailed in Online Resource 2). (B)
Bayesian phylogenetic tree constructed from 28 cytochrome b haplotypes
based on 570 bp sequences from Argentinian wild boars (n= 87) and se-
quences from GenBank (n= 45) from previous studies. Haplotype numbers
are indicated from CB_H1 to CB_H28. Haplotypes present in Argentina are
highlighted in red and private haplotypes are indicated with arrowheads.
Significant posterior probability values (> 0.50) are shown on the relevant
nodes. Significant bootstrap values of 1000 replicates (> 50%) for the
neighbor-joining tree are shown in brackets
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hand, the high values of haplotype diversity and low values of
nucleotide diversity observed in Uruguay, had been attributed
to the invasive potential of hybrids between wild and domestic
pigs (García et al. 2011). A possible explanation for the lower
genetic diversity in Argentina compared to Uruguay could be
that less hybridization is occurring, making the country a
Breservoir^ of the original genetic variability. This is support-
ed by the median-joining network results, given that ancestral
haplotypes with high frequency in Europe (e.g., haplotypes
CR_H1 and, to a lesser extent, CR_H5) are the most common
in Argentina.
Taken together, the results confirmed the European origin
of the majority of the wild boar populations of Argentina, and
a different origin for the EPNP population. The use of other
molecular markers (e.g., microsatellites) would allow further
clarification of the dynamics of Argentinian populations,
which would help to develop management plans for this spe-
cies in the country.
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